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Background: The occurrence of cold temperature-related symptoms has not been investigated
previously in young adults, although cold weather may provoke severe symptoms leading to ac-
tivity limitations, and those with pre-existing respiratory conditions may form a susceptible
group. We tested the hypothesis that young adults with asthma and allergic rhinitis experience
cold-related respiratory symptoms more commonly than young adults in general.
Methods: A population-based study of 1623 subjects 20e27 years old was conducted with a
questionnaire inquiring about cold weather-related respiratory symptoms, doctor-diagnosed
asthma and rhinitis, and lifestyle and environmental exposures.
Results: Current asthma increased the risk of all cold weather-related symptoms (shortness of
breath adjusted PR 4.53, 95% confidence interval 2.93e6.99, wheezing 10.70, 5.38e21.29,
phlegm production 2.51, 1.37e4.62, cough 3.41, 1.97e5.87 and chest pain 2.53, 0.82e7.79).
Allergic rhinitis had additional effect especially on shortness of breath (7.16, 5.30e9.67)
and wheezing (13.05, 7.75e22.00), some on phlegm production (3.69, 2.49e5.47), but mar-
ginal effect on cough and chest pain.Environmental and Respiratory Health Research, University of Oulu, P.O. Box 5000, FI-90014 Oulu,
þ358 8 537 5661.
oulu.fi, jounijkjaakkola@gmail.com (J.J.K. Jaakkola).
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64 H. Hyrka¨s et al.Interpretation: Our study shows that already in young adulthood those with asthma, and espe-
cially those with coexisting allergic rhinitis, experience substantially more cold temperature-
related respiratory symptoms than healthy young adults. Hence, young adults with a respira-
tory disease form a susceptible group that needs special care and guidance for coping with cold
weather.
ª 2013 Elsevier Ltd. All rights reserved.Introduction
Asthma is a common chronic disease worldwide, its preva-
lence being among Finnish adults 7e9% [1,2]. It presents a
considerable burden to public health in terms of morbidity
and disability [3]. The prevalence of asthma has been found
to increase in many parts of the world, including Finland
[4]. The prevalence of allergic rhinitis is even higher being
10e40% and it has also been reported to increase [5e8].
Most populations living in the northern hemisphere are
recurrently and significantly exposed to subfreezing out-
door temperatures. Exposure to cold air occurs during
occupational or leisure time activities or while commuting
[9]. Cold weather and the subsequent facial and respiratory
tract cooling or inhalation of dry air commonly causes res-
piratory symptoms (25e29% among 25e75 year old) in the
general population [10] and these effects are aggravated
during exercise [11] and may even lead to the development
of asthma among elite outdoor athletes [12]. Population-
based studies have shown that respiratory symptoms in
cold are experienced manifold by people with a respiratory
disease, such as asthma or chronic obstructive pulmonary
disease [13e15] and especially during exercise. [16] Sensi-
tivity to cold in asthmatics has further been confirmed in
clinical provocation studies employing hyperventilation and
cold dry air [17,18] or during exercise tests in cold weather
[11,19,20]. Furthermore, provocation studies have shown
that a decrease in temperature increases symptoms of
allergic rhinitis (AR) [21] and nasal responsiveness to cold
exposure is even stronger in subject with asthma and AR
compared with those having rhinitis alone [22].
There is epidemiologic evidence that cold temperatures
may affect both functional and working ability of in-
dividuals, especially of those with underlying diseases such
as asthma and chronic obstructive pulmonary disease
[14e16,23]. In a study of middle-aged and older subjects
the prevalence of cold-related respiratory symptoms was
25% among men and 29% among women [10] and asthmatics
reported symptoms more commonly compared to healthy
subjects [14,15]. Wintertime cold temperatures have been
associated also with increased exacerbations of asthma [24]
and even increased mortality from respiratory diseases [25].
However, no previous study has investigated the effects of
cold temperature on respiratory health among young adults.
To our knowledge population-based studies examining
the separate and combined effects of asthma and AR on
cold-related respiratory symptoms do not exist. Especially
knowledge of cold weather-related symptoms among young
adults with asthma and AR are lacking. Experiencing res-
piratory symptoms related to cold weather might lead to
avoidance of outdoor activities or reduced performance in
cold [13]. These may have a negative impact on theeveryday life of people with respiratory health problems.
Furthermore, the relation of allergic rhinitis together with
asthma to cold-related symptoms has not been addressed
before. With more knowledge on the cold-related respira-
tory symptoms public health personnel and clinicians can
provide instructions for those who have asthma and/or
allergic rhinitis on how to maintain and improve their
ability to function in cold. This will eventually contribute to
reducing cold-related respiratory morbidity and mortality.
The objective of the present study was to investigate the
relations of asthma and allergic rhinitis to the occurrence of
cold weather-related respiratory symptoms in young adults.
We hypothesized that subjects with asthma and/or allergic
rhinitis are more prone to experience cold-related symptoms
than subjects without these conditions and that this suscep-
tibility can be detected already in young adulthood.
Methods
Study design and study population
This study was a population-based study of young adults
20e27 years old in 2010e2011, when the data collection
was conducted. This study was approved by the ethics
committee of the Oulu University Hospital.
The study population was formed of subjects who
participated in the 20-year follow-up survey of the Espoo
Cohort Study. The source population for the Espoo cohort
included all children living in the city of Espoo born between
January 1, 1984 and December 31, 1989. Espoo is the second
largest municipality in Finland, with a population of 252,730
in 2012, located across the western border of Helsinki (60N,
24E). In 2010 therewere fourmonths and 2011 threemonths
with the mean temperature being below 0 C [26]. A parent-
administered baseline questionnaire was distributed in
March 1991 to a random sample of children drawn from the
roster of Finland’s Statistical Center [27]. The baseline study
population included 2568 childrenwhose parents filled in the
questionnaire (response rate 80.3%). In March 1997, we
conducted a 6-year follow-up survey of the cohort with a
follow-up rate of 77.3% [28]. In 2010e2011we conducted the
20-year follow-up directed at 2534members of the cohort for
whom the Population Registry provided a contact address. A
total of 1623 subjects answered the self-administered
follow-up questionnaire (response rate 64.0%) and these
subjects form the study population for this part of the study.
Determinants of interest
Current asthma and allergic rhinitis were studied as the
determinants of interest. Current asthma was defined as
Figure 1 The questions defining current asthma.
Cold weather-related symptoms in young adults with asthma 65“doctor-diagnosed asthma ever” AND [“use of any asthma
medication” OR “occurrence of asthma-related symptoms”
during the past 12 months]. Current allergic rhinitis was
defined in a similar way. Figs. 1 and 2 present the questions
used for these definitions. The reference category con-
sisted of those with neither asthma nor allergic rhinitis.
Outcomes
Five cold temperature-related respiratory symptoms
constituted the main outcomes of interest. The following
questions were used to define the outcomes: “Does cold
provoke for you any of the following symptoms?” The list of
symptoms included shortness of breath, wheezing, pro-
longed cough, phlegmproduction, and chest pain (no or yes).Figure 2 The questions definCovariates
Covariates were chosen to represent potential de-
terminants of cold-related respiratory symptoms. The
following covariates were adjusted for in the multivariate
models: age, gender, marital status, education, having
children, smoking, exposure to secondhand smoke (SHS) and
the amount of cold exposure (in hours per week). Age was
fitted with 6 indicator variables (21, 22, 23, 24, 25, and
26e27 years) and those 20 years of age formed the refer-
ence category. Marital status was dichotomized into
cohabitation (marriage, civil partnership or cohabitation)
and living alone (single, divorced or separated). None of the
participants was a widow. Education was categorized into 1)
low (comprehensive or upper secondary school degree), 2)ing current allergic rhinitis.
66 H. Hyrka¨s et al.medium (vocational school degree), and 3) high (higher
vocational school or academic degree), the latter forming
the reference category. Smoking status was grouped into 1)
smokers (regular or occasional smokers), 2) ex-smokers
(quit smoking more than 6 months ago), and 3) never
smokers (never smoked regularly or at all), the latter
forming the reference category. The question assessing cold
exposure was: “For how long were you exposed to cold
(<0 C) temperature on average in outdoor environments at
your work, studies, leisure time or while commuting in the
last 12 months?” The estimate was given in hours per week
for each. The sum of the reported hours per week was
calculated to form the cold exposure covariate. Cold
exposure was then divided into four categories: 1) cold
exposure<1 h/week, which formed the reference category,
2) 1e10 h/week, 3) >10e30 h/week, and 4) >30 h/week.
Statistical methods
We estimated the relations between the presence of asthma
and/or allergic rhinitis and the occurrence of cold weather-
related symptoms using prevalence ratios (PR) as the mea-
sure of association. In the crude analysis we estimated the
prevalence ratio of each cold-related symptom for the dis-
ease groups. The multivariate analyses were based on Pois-
son regression using logarithmic link function. The PRs were
adjusted for the covariates described above. Analyses were
carried out using the GENMOD-procedure in the SAS software
(SAS 9.3, SAS Institute, Inc., Cary, North Carolina).
Results
Characteristics of the study population
A total of 1623 subjects (response rate 64.0%) answered the
20-year follow-up questionnaire. Table 1 presents the
characteristics of the study population according to the
occurrence of asthma and/or allergic rhinitis. Ten percent
(164) of the subjects had current asthma (6.8% with current
allergic rhinitis and 3.3% without current allergic rhinitis)
and 20.5% of the subjects had current allergic rhinitis
without concurrent asthma. The proportion of females was
slightly greater among subjects with asthma or allergic
rhinitis compared to the reference group of healthy sub-
jects. Asthmatics were somewhat more often smokers:
33.6% of asthmatics with allergic rhinitis, 38.9% of asth-
matics without allergic rhinitis, 24.1% of subjects with
allergic rhinitis only and 28.7% of the reference group were
smokers.
Cold temperature-related symptoms in relation to
asthma and allergic rhinitis
Current asthma and allergic rhinitis independently and
together increased the risk of cold weather-related symp-
toms following three patterns (Table 2). First, shortness of
breath and wheezing were only slightly increased among
subjects with allergic rhinitis, substantially increased among
asthmatics without allergic rhinitis (adjusted PR shortness of
breath 4.53, wheezing 10.70), and most increased amongasthmatics with allergic rhinitis (shortness of breath 7.16,
wheezing 13.05). Second, phlegm production was related to
asthma with or without allergic rhinitis (2.51 for asthma
without allergic rhinitis and 3.69 for asthma with allergic
rhinitis), while allergic rhinitis had a small influence on this
symptom (1.66). Finally, asthma increased the occurrence of
cold-related cough and chest pain, while allergic rhinitis had
only marginal effect (cough: PR 3.41 for asthma without
allergic rhinitis and 4.18 for asthma with allergic rhinitis;
chest pain: PR 2.53 for asthma without allergic rhinitis and
2.62 for asthma with allergic rhinitis).Discussion
This population-based study shows that having asthma is a
strong determinant of cold weather-related respiratory
symptoms already in young adulthood. Current asthma
increased the risk of all cold-related symptoms and allergic
rhinitis had additional effect especially on shortness of
breath, wheezing, and some on phlegm production.
The prevalences of cold-related wheezing and cough
both increased up to 23.1% among those with asthma alone
and 25.7% among those with asthma and allergic rhinitis, in
comparison to 2.0% and 5.8% among healthy individuals,
respectively. Allergic rhinitis in combination with asthma
was found to increase cold weather-related shortness of
breath even more than asthma alone. Thus, subjects with
asthma have significant burden of cold weather-related
symptoms, and for some symptoms having also allergic
rhinitis increases this burden even more. However, having
allergic rhinitis alone did not seem to have much influence.
Cold weather-related respiratory symptoms can be
thought to reflect functional changes in theairways, occurring
as a result of either cooling of the skin or through the simul-
taneous cooling and drying of the nasal and airway mucosa
while inhaling cold air. Experimental studies have shown that
these trigger responses such as congestion and rhinorrhea in
the upper airways and bronchoconstriction in the lower air-
ways [18,29,30]. Drying of the nasal mucosa could lead to
hyperosmolality, neural activation and bronchoconstriction
[18]. These effects may be further intensified during exercise
in the cold at high ventilation rates [12]. Subjectswith asthma
may have an excess of cold-related respiratory symptoms
because their capacity towarmandhumidify the inspiredair is
reduced [31]. It could be hypothesized that asthmatic airways
are more prone to bronchoconstrictive responses because of
the underlying inflammation.
More studies are needed to explore the mechanisms for
the sensitivity of asthmatics with allergic rhinitis. The
increased reporting of some of the cold-related respiratory
symptoms in persons with both asthma and allergic rhinitis
compared with asthma alone may be related to the pro-
posed “united airways disease” and close interconnection
of these conditions [32,33]. Our results are consistent with
this concept and a clinical provocation study showing a
stronger nasal responsiveness to cold air among people with
asthma and rhinitis compared to asthma alone [22]. Several
proposed mechanisms could explain the connection be-
tween these respiratory diseases. For example, blocked
nose related to allergic rhinitis could lead to inhalation
through the mouth and thus, more extensive exposure of
Table 1 Characteristics of the study population.







n (%) n (%) n (%) n (%) n (%)
Total N 54 (3.3) 110 (6.8) 332 (20.5) 1127 (69.4) 1623
Age (years)
20 4 (7.4) 10 (9.1) 24 (7.2) 113 (10.0) 151 (9.3)
21 11 (20.4) 25 (22.7) 54 (16.3) 191 (17.0) 281 (17.3)
22 11 (20.4) 9 (8.2) 57 (17.2) 195 (17.4) 272 (16.8)
23 7 (13.0) 24 (21.8) 53 (16.0) 160 (14.2) 244 (15.0)
24 10 (18.5) 11 (10.0) 47 (14.1) 185 (16.4) 253 (15.6)
25 7 (13.0) 19 (17.3) 56 (16.9) 187 (16.5) 269 (16.6)
26e27 4 (7.4) 12 (10.9) 41 (12.3) 96 (8.5) 153 (9.4)
Gender
Male 21 (38.9) 47 (42.7) 152 (45.8) 534 (47.4) 754 (46.5)
Female 33 (61.1) 63 (57.3) 180 (54.2) 593 (52.6) 869 (53.5)
Marital status
Single 28 (51.9) 77 (70.0) 200 (60.2) 698 (62.1) 1003 (61.9)
Marriage/
cohabitation
26 (48.1) 33 (30.0) 130 (39.2) 421 (37.5) 610 (37.7)
Divorced or
separated
0 (0.00) 0 (0.00) 2 (0.6) 4 (0.4) 6 (0.4)
Having children
Yes 9 (16.7) 18 (16.4) 31 (9.3) 134 (12.1) 192 (12.0)
No 45 (83.3) 92 (83.6) 301 (90.7) 976 (87.9) 1414 (88.0)
Education
Low 31 (58.4) 50 (45.9) 179 (53.9) 617 (54.9) 877 (54.2)
Medium 11 (20.8) 31 (28.4) 46 (13.9) 238 (21.2) 326 (20.1)
High 11 (20.8) 28 (25.7) 107 (32.2) 269 (23.9) 415 (25.7)
Smoking
Current smoker 21 (38.9) 37 (33.6) 80 (24.1) 322 (28.7) 460 (28.4)
Ex-smoker 5 (9.3) 9 (8.2) 27 (8.1) 133 (11.8) 174 (10.7)
Never smoker 28 (51.8) 64 (58.2) 225 (67.8) 669 (59.5) 986 (60.9)
SHS
Yes 24 (44.4) 45 (40.9) 142 (42.9) 453 (40.5) 664 (41.2)
No 30 (55.6) 65 (59.1) 189 (57.1) 665 (59.5) 949 (58.8)
Pets
Yes 40 (75.5) 66 (61.1) 198 (61.5) 718 (64.8) 1022 (64.2)
No 13 (24.5) 42 (38.9) 124 (38.5) 390 (35.2) 569 (35.8)
Cold exposure
<1 h/week 5 (10.6) 13 (13.7) 53 (17.3) 214 (20.6) 286 (19.2)
1e10 h/week 27 (57.4) 48 (50.5) 157 (51.1) 538 (51.8) 776 (51.9)
>10e30 h/week 13 (27.7) 28 (29.5) 82 (26.7) 232 (22.3) 354 (23.7)
>30 h/week 2 (4.3) 6 (6.3) 15 (4.9) 55 (5.3) 78 (5.2)
Note: education: low Z comprehensive school degree or upper secondary school degree, medium Z vocational school degree,
high Z higher vocational degree or academic degree.
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Table 2 Prevalences (%) and prevalence ratios (PR) and their 95% confidence intervals (CI) of cold weather-related respiratory
symptoms according to having asthma with or without allergic rhinitis or allergic rhinitis alone.
Number of subjects with
symptoms and prevalence (%)
Crude PR (95% CI) Adjusteda PR (95% CI)
Shortness of breath
Healthy 73 (6.8) 1.00 1.00
Allergic rhinitis 22 (6.9) 1.02 (0.64e1.62) 1.03 (0.65e1.62)
Asthma without allergic rhinitis 17 (32.7) 4.84 (3.09e7.57) 4.53 (2.93e6.99)
Asthma with allergic rhinitis 54 (51.4) 7.61 (5.70e10.16) 7.16 (5.30e9.67)
Phlegm production
Healthy 76 (7.0) 1.00 1.00
Allergic rhinitis 39 (12.3) 1.74 (1.21e2.51) 1.66 (1.15e2.38)
Asthma without allergic rhinitis 10 (19.2) 2.73 (1.50e4.97) 2.51 (1.37e4.62)
Asthma with allergic rhinitis 27 (25.7) 3.65 (2.47e5.40) 3.69 (2.49e5.47)
Wheezing
Healthy 22 (2.0) 1.00 1.00
Allergic rhinitis 10 (3.1) 1.54 (0.74e3.23) 1.59 (0.77e3.28)
Asthma without allergic rhinitis 12 (23.1) 11.33 (5.94e21.61) 10.70 (5.38e21.29)
Asthma with allergic rhinitis 27 (25.7) 12.62 (7.46e21.36) 13.05 (7.75e22.00)
Prolonged cough
Healthy 63 (5.8) 1.00 1.00
Allergic rhinitis 18 (5.7) 0.97 (0.58e1.61) 0.97 (0.58e1.62)
Asthma without allergic rhinitis 12 (23.1) 3.96 (2.28e6.86) 3.41 (1.97e5.87)
Asthma with allergic rhinitis 27 (25.7) 4.41 (2.94e6.60) 4.18 (2.73e6.41)
Chest pain
Healthy 27 (2.5) 1.00 1.00
Allergic rhinitis 6 (1.9) 0.75 (0.31e1.81) 0.76 (0.33e1.77)
Asthma without allergic rhinitis 3 (5.8) 2.31 (0.72e7.36) 2.53 (0.82e7.79)
Asthma with allergic rhinitis 6 (5.7) 2.29 (0.97e5.41) 2.62 (1.09e6.28)
Note: CI Z confidence interval; statistically significant results are bolded.
a Adjusted for gender, age, marital status, education, having children, smoking, exposure to secondhand smoke (SHS) and cold
exposure.
68 H. Hyrka¨s et al.the lower airways to cold and dry air and result in inflam-
matory changes and airway hyperresponsiveness. In addi-
tion, inflammatory products related to allergic rhinitis can
be aspirated to the lower airways. Alternatively nasal
inflammation may also release cytokines in the circulation
which can induce bronchoconstriction in the lower airways.
Lastly, a nasal-bronchial reflex could cause bronchial
smooth muscle hyperreactivity through a vagal response
[34]. It is probable that compared to asthma alone, the
presence of both asthma and rhinitis indicates a more
extensive inflammation of the airways [32,34] and could
contribute to increased amounts of respiratory symptoms in
the cold.
The observed increase in the cold weather-related res-
piratory symptoms in the young asthmatics with or without
allergic rhinitis may have adverse effect on their quality of
life [35e37]. For example, such symptoms may lead to
diminished outdoor activities and time spent on physical
exercise, or to reduced performance in cold air. Yet, ex-
ercise is an important component of non-medical treatment
of asthma. Our findings emphasize the need for managing
the cold-related symptoms so that they compromise theactivities of young adults with respiratory diseases as little
as possible. Methods for clinical management could include
recommendations for appropriate protective clothing,
adjustment of medication, and protection of the respira-
tory zone, and instructions to avoid long exposure times
under extreme cold temperatures.Validity of results
This population-based study of young adults included a
random sample of children 1e7 years old in 1991 who were
followed for 20-years with a rather good follow-up rate of
64%. Comparison of this follow-up population of 1623 young
adults showed no significant differences at baseline when
compared to the total baseline population, which provides
some reassurance that there is no major problem with se-
lection bias and that the results are generalizable.
The determinants of interest were self-reported doctor-
diagnosed asthma and allergic rhinitis. Information on
doctor-diagnosed asthma is likely to be valid, because in
Finland substantial reimbursement is given nationally for
Cold weather-related symptoms in young adults with asthma 69asthma medication in patients with a clearly verified diag-
nosis. There is likely to be more measurement error in the
assessment of allergic rhinitis with potential underdiagnosis
which could partly explain that less clear effects were seen
in relation to allergic rhinitis alone.
The outcome assessment was based on reporting of cold
weather-related symptoms in the previous 12 months. The
questions were asked with an identical form from the
studied comparison groups. The symptoms are per defini-
tion subjective, which may introduce some random
misclassification. However, the differences that were
observed in this study in the cold-related symptom preva-
lences were so large that they are not likely to be
explained by moderate differences in subjective judgment.
We were able to take into account a large set of po-
tential confounders in the Poisson regression analysis to
exclude them as potential explanations for our findings.
Synthesis with previous knowledge
The present study showed that although cold weather-
related respiratory symptoms are relatively uncommon
(2.0e7.0%) in healthy young adults, they are substantially
increased (19.2e51.4%) among those with asthma with or
without allergic rhinitis. Based on our systematic literature
search, only two previous studies have assessed the
occurrence of cold-related respiratory symptoms [10,16].
One was a population-based study of adults 25e74 years
old and it reported that cold-related respiratory symptoms
were common (18e30%) in this older age group and that
subjects with asthma and COPD experienced higher prev-
alences [10,14], which is consistent with the pattern we
found among young adults. In another population-based
study of adults 20e69 years, the prevalence of cold-
provoked shortness of breath, wheeze or severe cough
was 11.1% in South Finland and 13.1% in North Finland [23].
When they analyzed occurrence of cold-related breath-
lessness in more detail in the population living in Lapland,
the northernmost region in Finland, they reported its
prevalence to be 3e8% among subjects without respiratory
disease, 10e24% among subjects with allergic rhinitis or
conjunctivitis and 51e72% among subjects with asthma
[16]. Thus, their trend in cold weather-related symptoms
was similar to that observed in our study, but the absolute
values are different reflecting the older age groups in their
study.
Conclusions
Our study underlines that asthma and allergic rhinitis
indicate already in young adulthood susceptibility to the
effects of exposure to cold, which should be taken into
account in the clinical care of this patient group. The re-
sults of the present population-based study show that
young adults with asthma, especially combined with
allergic rhinitis, experience substantially more cold
weather-related respiratory symptoms, whereas these
symptoms are only slightly elevated among subjects with
allergic rhinitis alone compared to healthy young adults. An
important topic for future research is to study whether
occurrence of cold weather-related respiratory symptomsindicates poor prognosis of asthma and allergic rhinitis on
long-term.
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